Qnantum close-coupled calculations of the collisional self-broadening of the 540.06 nm neon line (3s[3/2]1-3p'[1/2]0) are presented for temperatures from 70 K to 900 K. These calculations are based on the quantum-mechanical impact theory of Baranger and represent the interatomic interaction by adiabatic molecular potentials calculated using model potentials for the electronatom and atomic core-core interactions. The calculated widths and shifts vary smoothly with temperature and are accurately given across the temperature range by fourth order polynomial fits.
Introduction
The temperature dependence of the width and shift of collisionally broadened atomic spectral lines has long been a subject of experimental and theoretical investigation as this temperature dependence is a sensitive measure of the theoretical model used to describe the line broadening process and of the nature of the potentials used to represent the interaction between the radiating and perturbing atoms. For example, the widely used Lindholm-Foley classical oscillator theory of line broadening (see, e.g. [1] ) applied to the Van der Waals interaction V(R) = -C6/R6 predicts a simple T0. 3 dependence for the width w and shift d and the temperature-independent ratio d/w = -0.362. Recent calculations of collisional self-broadening of non-resonance lines in He [2] and Ne [3] [4] [5] , based on the quantum-mechanical impact theory of Baranger [6] for non-overlapping lines and in which the interatomic interaction is represented by adiabatic molecular potentials cahculated using model potentials for the electron-atom and atomic core-core (459) P. J. Leo et al. interactions, have been undertaken for temperatures in the range 70-400 K and predict a far more complex temperature dependence than simple power laws for the widths and shifts. Extension of the calculations to temperatures above 400 K was considered not practicable in general as the convergence of the sums over partial waves was very slow, especially for the shifts, at the high scattering energies needed to accurately perform the integration over the perturber energies significant at high Τ.
The only existing experimental investigation of the temperature dependence of collisional self-broadening in neon over an extended temperature range is that of Bobkowski et al. We report here the results of calculations of the widths and shifts of the self-broadened 540.06 nm Ne line for the temperature range 70 K to 900 K. The widths are accurate to four significant figures for all temperatures but the accuracy of the shifts at the high temperatures decreases to only two significant figures as a consequence of the imposed limit of 500 partial waves in the calculations.
Theory
The width w and shift d of the Lorentzian spectral profile for a line involving initial and final emitter states jiKi) and jf k,) respectively (we suppress the quantum numbers (n, L) for convenience) is given by [3] where f (E) is the normalized Maxwellian perturber energy distribution N is the perturber number density and 
Results and discussion
The 3s[]2 and 3p' [2] 0 states of neon are represented [3] by three uncoupled and six coupled differential equations respectively. These equations were solved using a modified version [2] of the R-matrix method of Baluja et al. [8] and the solutions fitted to free field boundary conditions to extract the scattering matrix elements.
The adiabatic molecular potentials °VЛ ( R )
for the Ne*-Ne system were constructed using a three body model in which Ne* is treated as a Ne+ ion plus an active electron and the perturbing neon atom as a polarisable atomic core. Model potentials were used to represent the electron-atom and atomic core-core interactions. The 3p 1 / 2 VΣ and 3p 1/2 Vπ potentials for R < 20α0 and their asymptotic C6 values are given by Leo et al. [4] . The 3s 3 /2 VΣ potential has a very weak minimum of -3.2 x 10 -5 Ε0 (Ε0 = α2 me c2 = 27.212 eV) at R = 10.5α0 and an asymptotic C6 value of 55.196Ε0α valid for R> 100a0.
In previous calculations of the 2p53s-2p5 3p lines the integration over perturber energies in (1) was performed using 86 nodes ranging from 6.65 x 10 -5 Ε0 to 8.50 x 10 -3 Ε0. Partial wave convergence to six figures was obtained in S(Ε) for ahl but the highest few energy nodes, where three to four figure convergence was obtained, by summing over 400 partial waves. However for the increased temperature range of the present investigation this range of energy nodes and number of partial waves was not sufficient. The energy range was extended to 1.40 x 10 -2 Ε0 with 21 additional nodes and the partial wave summation expanded to 500 partial waves.
For the temperature range 70-900 K the widths obtained were accurate to at least four significant figures but the poor convergence of S(Ε) at high Ε resulted in the accuracy of the shifts decreasing from four significant figures at 500 K to only two figures at 900 K. This slow convergence of the partial wave contributions to the shifts at high Ε is due to the increasing cancellation of the negative shifts produced by the long range attractive part of the potential by the positive shifts produced by the repulsive part of the potential as the perturber probes more of the small R region.
The widths and shifts were calculated at 1 K intervals and both quantities were found to be smooth monotonic functions of temperature which could be accurately represented by where T -T/1000. This smooth dependence on temperature arises from the weighting of a collision function S(Ε) whose real and imaginary parts are slowly varying functions of Ε with relatively broad veloci †y distribution functions f (E). Whereas J S(Ε) increases steadily with E, S(Ε) is negative at small E, becomes temporarily positive for the region 4.4 x 10 -3 Ε0 < Ε < 7.5 x 10 -3 Ε0 and finally positive and increasing monotonically above 1.0 x 10 -2 Ε, indicating that the shifts will eventually become positive at the very high temperatures where the contributions from the repulsive part of the potential are dominant.
Widths and shifts at the temperatures studied by Bobkowski et al.
[7] and Lee [9] are given in Table together with their experimental results. Also shown are theoretical results for the widely used approximation in which the Maxwellian average over perturber velocities is replaced by a fixed average perturber velocity = (8kT/πΜ) 1 / 2 . As expected, the use of an average perturber velocity becomes increasingly inaccurate at higher temperatures where the very broad Maxwellian distribution f(E) weights a large region of S(Ε).
The calculated widths and shifts do not agree with the measurements of Bobkowski et al. or of Lee. The calculated widths are 38-64% smaller than the measurements of Bobkowski et al. This difference is greater than that found for the other 2p 5 3s-2p5 3p neon transitions studied earlier [3, 4] but consistent with the trend found there that the theoretical widths with very few exceptions lie below the experimental widths. The measured widths of Lee at 77 and 273 K are, respectively, 19% above and 14% below the calculated widths. The theoretical shifts are all significantly smaller than the measured shifts, the differences ranging from 21-230%, and there is no theoretical support for the anomalously large shifts measured by Bobkowski et al. at 667 and 689 K.
The current calculations have demonstrated that the formalism and c a l c u l a t i o n a l t e c h n i q u e s d e v e l o p e d b y L e o e t a l . [ 3 , 4 ] f o r s e l f -b r o a d e n i n g o f n e o n c a n be used to obtain widths and (to a lesser extent) shifts up to temperatures of 900 K. Such calculations should be possible for other 2p 5 3s-2ρ5 3p transitions but there is little point doing these calculations until experimental studies at elevated temperatures are undertaken.
